Abstract. The trivalent chromium coating was deposited on the surface of 6063 aluminum alloy with Cr 2 (SO 4 ) 3 , H 3 PO 4 and K 2 ZrF 6 . The performances of trivalent chromium conversion coating were analyzed by CuSO4 dropping corrosion test, electrochemical polarization curve, scanning electron microscope (SEM) and energy dispersive X-ray analysis (EDAX). The conversion coating shows gray color and consists of Cr, Zr, K, Al, P, O. The analytical results indicate that the aluminum alloy coated with trivalent chromium exhibits better corrosion resistance than the pure aluminum alloy.
Introduction
Because of its excellent corrosion resistance, chromate conversion coating is widely used in the surface treatment of aluminum alloys, Mg, Zn and steel [1] [2] [3] . However, due to the toxicity of hexavalent chromium in the conversion coating, RoHS directive of European Union (EU) has have imposed severe restrictions on the use of chromate. Thus, many researchers devoted to developing environment friendly chemical conversion coatings, such as Ti-Zr based, trivalent chromium, rare earth salt, chromate and molybdate conversion coating. Among these conversion coatings, trivalent chromium conversion coating is one of the most promising alternatives to chromate conversion coating [4] [5] [6] [7] .
Sameh et al. investigated the formation mechanism of trivalent chromium coating on aluminum alloy with situ spectroscopic ellipsometry. They found that the formation of trivalent chromium coating included the chemical thinning of the native Al 2 O 3 layer and the rapid formation of trivalent chromium [8] . Yu et al. studied the EIS of trivalent chromium coating on Al 6063 alloy. Their results revealed that the formation and quality of trivalent chromium coating were very sensitive to the pH value in the bath [9] . Qi et al. investigated the behavior of trivalent chromium in the coating. They found trivalent chromium can be oxided to hexavalent chromium in the air [10] . Therefore, many challenges appear in the preparation of trivalent chromium coating with excellent corrosion resistance.
In this study, the trivalent chromium coating for aluminum alloy was prepared with Cr 2 (SO 4 ) 3 , H 3 PO 4 and K 2 ZrF 6 . The corrosion resistance, morphology and electrochemical properties of conversion coating were studied with SEM, EDAX and polarization curve.
Experimental

Materials
6063 aluminum alloy was used in this study. The major elements of aluminum alloy are listed in Table 1 . All chemicals of this work were AR grade. And deionized water was used to prepare all solutions. 
Experiment Procedure
Before the chemical conversion treatment, the aluminum alloy sheets were washed with alcohol and deionized water. Then, the washed alloy sheets were activated with 10% NaOH aqueous solution for 1 min and washed with deionized water. At last, the alloy sheets were immersed in the bath containing trivalent chromium. A typical surface conversion treatment solution contains 10 g/L Cr 2 (SO 4 ) 3 , 2 g/L K 2 ZrF 6 , 10 g/L H 3 PO 4 . The surface conversion treatment was controlled at 40 o C for 10 min.
Examination Techniques
Surface morphology of the trivalent chromium conversion coatings was investigated by scanning electron microscopy (SEM) (MIRA3 TESCAN) equipped with energy dispersive X-ray analysis (EDAX). The corrosion resistance of the coating was evaluated by copper sulfate (3g CuSO 4 +1mL HCl+75mL H 2 O) dropping test. The electrochemical properties of the trivalent chromium conversion coatings were chastised by electrochemical workstation (CHI Instruments Cordova). All the measurements were conducted in a three electrodes system 3.5% NaCl aqueous solution. The alloy with the conversion coating was used for work electrode. And the density of coating was calculated as follow: P=(W 2 -W 1 )/S, W 1 is the weight of aluminum alloy sheet, W 2 is the weight of aluminum alloy sheet after conversion treatment, S is the area of aluminum alloy sheet.
Results and Discussion
Formation Mechanism of Trivalent Chromium Coating
During the pretreatment, the aluminum on the surface of aluminum alloy was oxided as follow:
Then, the impurity was rinsed in the reaction and a clean alloy surface was achieved. During the conversion treatment, the formation of trivalent chromium coating was resulted from the increase of pH on the alloy surface:
Al → Al 3+ + 3e (3)
On the other hand, the consistent in the solution ionize as follow: 
Thus, the formation of trivalent chromium coating includes two steps: (1) 
Corrosion Resistance
The corrosion resistance of trivalent chromium coating was evaluated by copper sulfate dropping test. The effect of Cr 2 (SO 4 ) 3 concentration on the density and the corrosion resistance of conversion coating was studied under the conditions of 2 g/L K 2 ZrF 6 , 10 g/L H 3 PO 4 and 40 o C. And the surface conversion reaction was controlled at 10 min. The results are shown in Fig. 2 . The density of conversion coating (from 323 g/cm 2 to 430 g/cm 2 ) is increased with the increase of Cr 2 (SO 4 ) 3 concentration. However, the dropping time of CuSO 4 increases with the increase of Cr 2 (SO 4 ) 3 concentration when Cr 2 (SO 4 ) 3 concentration is less than 10 g/L. Then, the CuSO 4 dropping time decrease with with the increase of Cr 2 (SO 4 ) 3 concentration when Cr 2 (SO 4 ) 3 concentration is more than 10 g/L. Because the reaction rate is low at low reactant concentration, it is conducive to the evently deposition of conversion coating on the surface of aluminum alloy sheet. A too high reactant concentration will result in a too high reaction rate. Then, a uneven coating will be obtained, which will has a negative impact on the corrosion resistance of conversion coating. The surface of pure aluminum alloy is very smooth. There is little particles can be seen on the alloy surface. However, the alloy surface becomes rough after the surface conversion treatment. The trivalent chromium conversion coating is charactized by distributed sparsely, 1~2 µm, and spherical particles. In addition, the conversion coating exhibited cracking because of the vacuum during SEM measurement. Similar phenomenon was observed in other reports on the trivalent chromium conversion coating. (2) The conversion coating is charactized by distributed sparsely, 1~2 µm, and spherical particles. The coating contains Cr, P, Zr and K.
Morphology and Chemical Composition
(3) The trivalent chromium coating enhanced the corrosion resistance of aluminum alloy after surface conversion treatment.
